Background {#sec1}
==========

On 31 December 2019, Wuhan, China reported an outbreak of atypical pneumonia caused by SARS-CoV-2 and cases have been exported to other Chinese provinces, as well as internationally \[[@ref1]\]. The atypical pneumonia caused by SARS-CoV-2 was tentatively named novel coronavirus pneumonia \[[@ref2]\] by the National Health Commission of the People\'s Republic of China and the World Health Organization has named the disease coronavirus disease 2019 (abbreviated as 'COVID-19') on 11 February 2020 \[[@ref3]\].

The virus has spread to all prefectures of Hubei province outside Wuhan and all provinces of China have also reported cases outside of Hubei province. Currently, most cases are related to Wuhan and others were caused by patients from Wuhan \[[@ref4]\].

Following the confirmed COVID-19 cases reported in Zhejiang province, Guangdong province, Shanghai and other provinces in China reported COVID-19 cases one after another from 20 January 2020.

To control the epidemic of COVID-19, Wuhan Municipal People\'s Government issued a notice saying that citizens should not leave Wuhan for no special reason and the airport and train station from Wuhan corridor were temporarily closed from 23 January 2020 which called 'Wuhan lockdown'. In addition, Wuhan\'s urban bus, subway, ferry and long-distance passenger transportation were suspended \[[@ref5]\]. Zhejiang province launched first-level response to major public health emergencies from 23 January 2020 and subsequently other provinces, municipalities and autonomous regions in China launched first-level response to major public health emergencies one after another, which means movement of people among provinces, municipalities and autonomous regions was restricted \[[@ref6]\].

The behaviour of the travellers leaving the city of residence for a short time and moving into other cities is migration \[[@ref7]\]. Big data of migration comes from the massive positioning service data of the open platform and it recorded more types of spatial displacement, including airplane, high-speed rail, ship, coach and private car, so it theoretically has higher accuracy \[[@ref8]\]. The migration scale index is not an absolute value of the number of travellers but is converted based on the absolute value of the number of travellers. We estimate one migration scale index is equal to about 56 137 travellers \[[@ref8]\]. Migration scale index reflects the scale of the population migration from a city or a province, which can be compared horizontally among cities or provinces \[[@ref9]\].

We conducted this study to explore the correlation between migration scale index and the number of confirmed COVID-19 cases. At the same time, we depict the effect of 'Wuhan lockdown' and Hubei province launching first-level response to major public health emergencies on the control of COVID-19 epidemic.

Methods {#sec2}
=======

Data sources {#sec2-1}
------------

Data of confirmed COVID-19 cases were extracted from the official websites of the National Health Commission of the People\'s Republic of China and Health Committee of provinces. Data of migration scale index were extracted from Baidu migration (<http://qianxi.baidu.com/>). The migration scale indexes of Wuhan and Hubei provinces from 1 January 2020 to 12 February 2020 were used in this study.

Case definition {#sec2-2}
---------------

The diagnosis of COVID-19 is based on the diagnosis and treatment plan of pneumonia caused by novel coronavirus (trial version 5) established by the National Health Commission of the People\'s Republic of China \[[@ref10]\].

Pearson correlation analysis {#sec2-3}
----------------------------

SPSS 23.0 software was used for Pearson correlation analysis and the significance level used was *P* \< 0.05. Based on the incubation period of illness from MERS and SARS coronaviruses, CDC believes that symptoms of COVID-19 infection occur within 2--14 days following infection \[[@ref11]\]. The diagnosis and treatment plan of pneumonia caused by novel coronavirus (trial version 5) reports the longest incubation period of COVID-19 was 14 days \[[@ref10]\] and due to the lag effect COVID-19 onset, we used 14 days\' migration scale data from 1 January 2020 to 2 February 2020 and new confirmed cases per day to analyse the correlation. Considering that COVID-19 originated from Wuhan which is the capital city of Hubei province, then spread to Hubei province, an outbreak occurred in Hubei province \[[@ref4]\] and following the confirmed COVID-19 cases reported in Zhejiang province, Guangdong province, Shanghai and other Chinese provinces reported COVID-19 cases one after another from 20 January 2020. Therefore, we performed two Pearson correlation analyses. They were Pearson correlation analysis between Wuhan migration scale index and the number of new confirmed COVID-19 cases in China except for Wuhan from 20 January to 2 February and Pearson correlation analysis between Hubei province migration scale index and the number of new confirmed COVID-19 cases in China except for Hubei province from 20 January to 2 February.

Results {#sec3}
=======

Temporal pattern {#sec3-1}
----------------
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Pearson correlation analysis {#sec3-2}
----------------------------

Wuhan migration scale index from 9 January to 22 January, 10 January to 23 January and 11 January to 24 January was correlated with the number of new confirmed COVID-19 cases per day in China except for Wuhan from 20 January to 2 February. Hubei province migration scale index from 10 January to 23 January and 11 January to 24 January was correlated with the number of new confirmed COVID-19 cases per day in China except for Hubei province from 20 January to 2 February ([Table 3](#tab03){ref-type="table"}). Table 3.Pearson correlation analysis between migration scale index and the number of new confirmed COVID-19 cases per day from 20 January to 2 February in China except for Wuhan and in China except for Hubei provinceDate range*r* Value[^a^](#tfn3_1){ref-type="table-fn"}*P*[^a^](#tfn3_1){ref-type="table-fn"}*r* Value[^b^](#tfn3_2){ref-type="table-fn"}*P*[^b^](#tfn3_2){ref-type="table-fn"}1 January--14 January0.4840.0800.5260.0532 January--15 January0.2560.3770.3010.2963 January--16 January−0.0410.8890.0190.9474 January--17 January−0.1860.524−0.1950.5055 January--18 January−0.0340.909−0.2220.4466 January--19 January−0.0430.884−0.2570.3757 January--20 January0.1420.628−0.1210.6818 January--21 January0.4430.1130.2170.4579 January--22 January0.6420.013\*0.4890.07610 January--23 January0.8390.000\*0.8210.000\*11 January--24 January0.5450.044\*0.7630.002\*12 January--25 January0.1900.5150.5220.05613 January--26 January−0.1700.5610.3040.29114 January--27 January−0.4630.095−0.1560.59515 January--28 January−0.6390.014−0.4120.14316 January--29 January−0.7450.002−0.5990.02417 January--30 January−0.8120.000−0.8090.00018 January--31 January−0.8580.000−0.8990.00019 January--1 February−0.8460.000−0.9440.00020 January--2 February−0.7850.001−0.9420.000[^2][^3][^4]

Discussion {#sec4}
==========

In December 2019, a cluster of acute respiratory illness, now known as novel coronavirus disease (COVID-19), occurred in Wuhan, Hubei province, China \[[@ref12]--[@ref16]\]. The disease has rapidly spread from Wuhan to other areas. As of 12 February 2020, a total of 44 763 COVID-19 cases in China have been confirmed. Internationally, cases have been reported in 24 countries and five continents \[[@ref17]\]. Although the origin of the SARS-CoV-2 is still being investigated, current evidence suggests spread to humans occurred via transmission from wild animals illegally sold in the Huanan Seafood Wholesale Market \[[@ref18], [@ref19]\].

The SARS-CoV-2 has impacted multiple countries, caused severe illness and sustained person-to-person transmission making it a concerning and serious public health threat \[[@ref11]\]. Previous study suggested that rapid person-to-person transmission of SARS-CoV-2 may have occurred \[[@ref19]\]. However, how easily the virus is transmitted between persons is currently unclear \[[@ref18]\].

24 January 2020 is the Chinese New Year. It is a tradition for Chinese people that migrant workers return home before the Spring Festival. According to the mayor of Wuhan, more than 5 million people have left the city because of the Spring Festival and the outbreak of COVID-19 \[[@ref20]\].

To control the epidemic of COVID-19, Wuhan Municipal People\'s Government issued a notice saying that citizens should not leave Wuhan for no special reason and the airport and train station from Wuhan corridor were temporarily closed from 23 January 2020 which was called 'Wuhan lockdown'. In addition, Wuhan\'s urban bus, subway, ferry and long-distance passenger transportation were suspended \[[@ref5]\]. Subsequently, Hubei province launched first-level response to major public health emergencies, which means movement of people among provinces, municipalities and autonomous regions was restricted \[[@ref6]\]. Our study found that Wuhan migration scale index has dropped significantly since 'Wuhan lockdown' and Hubei province migration scale index has dropped significantly since Hubei province launching first-level response to major public health emergencies.

Our study also found that Wuhan migration scale index from 9 January to 22 January, 10 January to 23 January and 11 January to 24 January was correlated with the number of new confirmed COVID-19 cases per day in China except for Wuhan from 20 January to 2 February. This suggests that people who left Wuhan from 9 January to 24 January may led to the outbreak in China except for Wuhan. Meanwhile, our study found that Hubei province migration scale index from 10 January to 23 January and 11 January to 24 January was correlated with the number of new confirmed COVID-19 cases per day in China except for Hubei province from 20 January to 2 February. This suggests that people who left Hubei province from 10 January to 24 January may lead to the outbreak in China except for Hubei province.

Calculated from 24 January 2020, after a long incubation period it is 7 February 2020. Our study found that new confirmed COVID-19 cases per day in China except for Wuhan showed a downward trend from 6 February 2020 and new confirmed COVID-19 cases per day in China except for Hubei province showed a downward trend from 4 February 2020. This may indicate that 'Wuhan lockdown' and Hubei province launching first-level response to major public health emergencies have had a good effect on the control COVID-19 epidemic. This may also indicate the occurrence of second-generation cases because there were still new confirmed COVID-19 cases in China except for Wuhan and Hubei provinces after 7 February 2020.

In spite of the above findings, the limitations in our study should be considered. First, the migration scale of Wuhan and Hubei provinces should include migration to other countries. However, our study only included the number of new COVID-19 cases in China (including Hong Kong, Macau and Taiwan) and didn\'t include the number of new COVID-19 cases abroad. Second, the number of onset per day should be used in the natural process of disease research. However, the number of new confirmed COVID-19 cases per day was used in this study. Third, we did not explore the correlation between the number of moving into each province from Wuhan or Hubei and the number of new confirmed COVID-19 cases in each province, we will conduct further work to explore the correlation between the number of moving into each province from Wuhan or Hubei and the number of new confirmed COVID-19 cases in each province.

Conclusions {#sec5}
===========

Our study found that people who left Wuhan from 9 January to 22 January, and those who left Hubei province from 10 January to 24 January, led to the outbreak in the rest of China. The 'Wuhan lockdown' and the launching of the first-level response to this major public health emergency may have had a good effect on controlling the COVID-19 epidemic. Although new COVID-19 cases continued to be confirmed in China outside Wuhan and Hubei provinces, in our opinion, these are second-generation cases.
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